effects of exercise [1] . Endurance exercise upregulates the production of interleukin (IL)-6, IL-8, brain-derived nerve growth factor (BDNF) in skeletal muscle, which, in turn, leads to elevated circulating concentrations of these myokines following exercise. It remains unclarified, however, whether the insulin-sensitizing and antiadipogenic effects of exercise are attributable to these myokines. IL-6 has been postulated as a mediator of insulin-sensitizing effects of exercise, but there is also controversy about the role of IL-6 in insulin sensitivity. Some studies have shown that IL-6 improves insulin sensitivity [2] , while others have reported that IL-6 induces insulin resistance [3] . The role of IL-6 in adipogenesis is not clear. IL-8 does not seem a likely candidate mediator, since IL-8 functions as a pro-inflammatory cytokine and to the best of our knowledge no study has reported insulin-sensitizing action of IL-8. Little is known about the relation between muscle-derived BDNF and insulin sensitivity or adiposity [1] .
IL-15 is produced by several tissues, including skeletal muscle, liver, placenta, epithelial cells, and activated [1] , after they refrained from exercise for 24 h.
Blood analysis
Blood samples were drawn from antecubital vein just before and 10, 60, 180 min after the exercise. Systolic blood pressure, diastolic blood pressure, and pulse rate were also measured at each time point. Blood samples were centrifuged immediately to isolate serum and sera were kept -80°C. Serum IL-15 concentrations were determined by enzyme-linked immunosorbent assay kits (HUMAN IL-15 QUANTIGLO ELISA KIT, R&D systems, Minneapolis, MN, USA).
Statistical analysis
Time dependent variability of each physiological and biochemical data was tested using a one-way ANOVA for repeated measures (Dr. SPSS II, IBM, Armonk, NY, USA). p<0.05 was considered statistically significant. All values are expressed as mean ± SEM.
Results
Serum IL-15 concentration was significantly increased at 10 min after the 30-min treadmill running as compared with that just before the inception of treadmill running (Fig. 1) . At 3 h after the treadmill exercise, serum IL-15 concentrations were fully restored to the basal level. At 1 h post-exercise, serum IL-15 concentration was not significantly increased compared with pre-exercise, but it was significantly greater than macrophages, whereas little or no IL-15 is expressed in adipocytes [4] . IL-15 has an important role in muscle hypertrophy and prevention of muscle wasting as well as in immune function [5] . Recently, the functional role of IL-15 in the regulation of fat mass and energy expenditure has been highlighted [6] [7] [8] [9] . IL-15 inhibits lipogenesis in white adipose tissues [8, 10, 11] , while it enhances energy expenditure. Muscle-derived IL-15 is considered as a local factor which promotes muscle hypertrophy and inhibits lipogenesis. It is not known, however, whether muscle-derived IL-15 has a systemic effect as an endocrine factor, as well as an autocrine and paracrine.
These findings raise the possibility that IL-15 may be capable of serving as an important mediator of antiadipogenic and insulin-sensitizing effects of endurance exercise. In previous studies, however, endurance exercise did not increase IL-15 mRNA content in skeletal muscle or circulating IL-15 concentration from 1 h up to 6 h after exercise [12] [13] [14] [15] . One study showed that high intensity resistance training led to a transient increase in serum IL-15 concentration [16] , while another study reported that plasma IL-15 concentration was not altered by heavy resistance training [17] . It should be noted that in opposition to endurance (aerobic) exercise, the beneficial effects of resistance (strength) exercise on insulin sensitivity and fat mass remain to be fully established. In aggregate, it remains an open question whether IL-15 may function as a mediator of the beneficial effects of endurance exercise. Here, we show that treadmill running induced a significant immediate upregulation of serum IL-15 level in untrained healthy adults.
subjects and Methods

Subjects
Thirteen healthy untrained Japanese male subjects participated in the study. They were physically active but did not have habit of frequent periodical sports. None of them were taking any medication. The protocol was approved by the local Ethical Committee at Wafukai Hospital in accordance with the Declaration of Helsinki. Written informed consent was obtained from each individual.
Treadmill exercise
The subjects underwent 30-min treadmill running at 70% of age-predicted maximal heart rate (HR (max)) 
Discussion
Our data clearly demonstrate that the single-set of endurance exercise on a treadmill resulted in a significant increase in serum IL-15 concentration in untrained healthy young men. These findings suggest that exercise-stimulated secretion of IL-15 may have a role in mediation of the systemic as well as local beneficial effects of endurance exercise, which include insulinsensitizing and anti-adipogenic effects in addition to anabolic actions in skeletal muscle. This also suggests that skeletal muscle-derived IL-15 might function not only as a paracrine and autocrine but also as an endocrine factor.
The patterns of increases in IL-15 and CK levels after the exercise are quite different. Serum IL-15 concentration was increased at 10 min after the exercise, and significant difference in IL-15 was not achieved at 1 h post-exercise. Then, serum IL-15 concentration was fully returned to the pre-exercise level at 3 h post-exercise. To the contrary, the maximum increase in serum CK concentration, a surrogate biomarker for muscle damage-related response, was observed at 3 h post-exercise. These findings support the notion that that at 3 h post-exercise. The mean heart rate during the treadmill exercise was 143/min.
The demographic information of the participants, and physical and biochemical parameters during the exercise are summarized in Table 1 . As expected, serum creatinine concentration increased after the treadmill running, presumably reflecting hypovolemic hemoconcentration during the exercise. Even after serum IL-15 concentrations were normalized to serum creatinine concentrations, circulating IL-15 levels were significantly greater at 10 min post-treadmill running compared to other time points (p<0.05). In contrast to increased serum IL-15 concentration, serum creatine kinase (CK) concentration at 10 min post-exercise did not significantly differ from pre-exercise level when normalized to serum creatinine, although serum CK concentration was significantly increased at 10 min post-exercise unless normalized to creatinine. On the other hand, serum CK concentrations were significantly greater at 1 h and 3 h after the exercise compared with pre-exercise, regardless of whether they were normalized to serum creatinine concentrations. ing endurance exercise, and that exercise-stimulated IL-15 secretion may not be sustained for hours. Based on changes in parameters, including pulse rate, blood lactate, and serum CK, the intensity of the 30-min treadmill running at 70% HR (max) is considered within a range of moderate to submaximum intensity in untrained healthy adults. Our study suggest, therefore, that strenuous high intensity training may not be necessary to significantly increase circulating IL-15 level.
